Bacterial type III secretion systems (T3SS) play an important role in pathogenesis of 25
Results

117
We have performed whole genome sequencing and analysis of 162 isolates of 118
Escherichia coli obtained from blood cultures of patients within Scotland in 2013 and 119 2015(20) . Sequence comparisons with other isolates of E. coli showed that strains belonging 120 to ST69 contained an intact ETT2 operon. The gene content of this operon from one of these 121 ST69 strains, ST69 1_9, was compared to the complete ETT2 found in enteroadhesive E. coli 122 strain 042 (EAEC 042) and the degenerate ETT2 found in E. coli O157:H7 Sakai (Figure 1 ). An 123 intact ETT2 operon in this ST69 strain was found in the ~30 kb region spanning the yqeG 124 gene and the tRNA gene gluU with over 98% identity to the ETT2 operon in EAEC 042. 125
Importantly, this operon did not contain any of the inactivating mutations found in the E. 126 coli O157:H7 Sakai strain. 127
We extended this analysis to compare all of the ST69 strains in our collection over 128 this region. Of 26 ST69 genomes sequenced, 24 were assembled in one contig covering this 129 region, shown compared to each other in Figure 2 . In all these assemblies, there was a 130 greater than 95% identity between the sequences. Two strains appeared to lack the 131 extreme left-hand end of the complete ETT2 operon (ECO#35 and EC1#2), and two strains 132 had a stop codon in the epaO gene at the same site as noted for E. coli O157:H7 Sakai 133 (EC1#70 and ECO1#18). epaO is homologous to the Salmonella typhimurium Type III 134 secretion system gene, spaO, which encodes a protein that forms part of the cytoplasmic 135 sorting platform essential for energizing and sorting substrates for delivery to the needle 136 complex(21). spaO is essential for type III secretion in S. typhimurium (22) . Recent work has 137
shown that spaO produces two protein products by tandem translation: a full-length protein 138
and a shorter C terminal portion that is translated from an internal ribosome binding site 139 and alternative initiator codon(23). Both are needed for functionality of the type III8 secretion system in Salmonella typhimurium, so the loss of the full-length product of epaO 141 will likely also render the ETT2 non-functional. 142
Next, we analysed other STs within our collection of bacteremic isolates for the 143 presence of the ETT 2 operon (Figure 3 ). 4 non-ST69 isolates contained an essentially intact 144 ETT2 region, belonging to ST405, 38, 362 and 349. These were group into phylogroups F, D, 145 unknown and unknown respectively; all are closely related to ST69 (supplementary Figure  146 1). Other strains showed variable loss and/or degradation of the locus as previously 147 described, Notably, none of the common epidemic strain ST131 (phylogroup B2) contains 148 any elements of this ETT2 region -one representative example is shown at the bottom of 149 isolates; 4 in ST59 strains and one ST349 strain that also possessed the ETT2 locus. As with 166 the ETT2 locus, the SelC-B region was entirely missing in ST131 isolates. The selC-A region 167 was largely absent from our isolates but was partially present in one of the ST60 isolates 168 (ECO#72, figure 4). 169
EilA has been shown to regulate genes within the SelC-B region as well as the ETT2 170 island adjacent to the tRNA glyU gene (15). We wished to determine if we could define 171 conditions under which eilA was transcriptionally active, and hence activating the ETT2 172 island. We constructed a reporter gene containing 500 bp of upstream sequence from the 173 eilA gene found in the neonatal meningitis associated E coli strain CE10(24). Using this 174 reporter in 5 of our ST69 isolates containing the ETT2 locus, we could readily detect reporter 175 gene activity that peaked in the late log phase of growth in equal parts LB and Dulbecco's 176 Modified Eagle's Medium (LB:DMEM media) (Fig 5A and B) . Previous studies of 177 transcriptional activation of the LEE have shown this is maximal in less rich media designed 178 for growth of eukaryotic cells such as DMEM compared to the rich medium LB (25, 26) . 179 Following optimization of growth in different media, we compared transcriptional activity of 180 the eilA reporter construct in an ST69 strain grown in LB alone compared to the 1: 1 mixture 181 of LB and DMEM (Fig 5C and D) . Growth in the different media was not significantly 182 different but induction of the promoter was much more marked in the LB:DMEM mix. In an 183 attempt to identify proteins potentially secreted into the growth media by ETT2, we 184 compared the pattern of secreted proteins from an ST69 strain with intact ETT2 between 185 the two different media (Fig S2) . Two secreted proteins were predominantly found in the 186 bacteria grown in the LB:DMEM mix that we postulated could be potentially secreted by the 187 ETT2. These were cut from the stained gel and subjected to identification by MALDI-MS/MS 188 (Supplementary Table 1 ). The best matches for these two proteins were the molecular 189 chaperones ClpB and DnaK respectively, which are both molecular chaperones important in 190 refolding aggregated proteins and in protein secretion (27) We report here the presence of genomic regions encoding ETT2 and associated 195 putative T3SS effectors within E. coli ST69 isolates from bacteremic patients within Scotland. 196 In virtually all of the isolates, the two regions encoding these proteins contained a full 197 complement of genes with no deletion, insertions or inactivating mutations suggesting that 198 the ETT2 and associated effectors could be functionally active. This is in contrast to the vast 199 However, the functional effects of ETT2 remain obscure. In strains with a disrupted 215 ETT2, genetic deletion does seem to confer a changed phenotype, suggesting that even 216 these apparently non-functional regions have a pathogenic role(19). Additionally, 217 experiments in avian strains with ETT2 also suggest a functional role for the ETT2 in 218 pathogenesis(17). ETT2 has also been implicated in the control of gene expression from the 219 locus of enterocyte effacement in enterohemorrhagic E. coli O157(28). We could not 220 identify any putative secreted ETT2 substrates from the ST69 strains reported here. A recent 221 study of E. coli serotype O2 that causes avian coccobacillosis also failed to identify potential 222 ETT2 secreted proteins, but did find that the intact ETT2 mediated expression and secretion 223 of flagellar proteins, as well as other changes in cell surface behaviour(29). It may be that 224 the conditions under which the ETT2 mediates secretion have not been identified, or that it 225 carries out different functions. 226
In summary therefore, we show here that the ST69 strain of human pathogenic E. 227 coli has an intact genetic locus for ETT2 and associated proteins. The preservation of these 228 sequences in the ST69 strain argue strongly that its functional effects confer a significant 229 selection advantage. However, its exact functional effects remain obscure. 230 231 13
Materials and Methods 232
Sequencing and genome analysis 233
Whole genome sequencing of 162 strains of E coli from human clinical samples were 234 collected and sequenced as previously described (20). The raw Illumina reads were mapped 235 to the E. coli reference genome EAEC 042 (accession number GCA_000027125.1) using 236 SAMtools mpileup(30) and were called for SNPs through VarScan(31) (read depth ≥2x, 237 variant allele frequency ≥0.08 and p-value ≥0.005). Mobile genetic elements (MGEs) were 238 masked and recombination filtration was performed using Gubbins(32). Maximum 239 likelihood (ML) trees were inferred using RAxML(33) with generalized time-reversible (GTR) 240 model and a Gamma distribution to model site-specific rate variation. One hundred 241 bootstraps were conducted for the support of the SNP based ML phylogenetic tree. 242
Comparison between selected sequences were made and visualised using Easyfig(34) 243
Growth and eilA reporter assay 244
Growth media used in this study were DMEM (Invitrogen, UK), LB, and a 1:1 mix of LB with 245 DMEM. The eilA reporter construct contains a ~500bp fragment upstream of the eilA 246 promoter from the CE10 strain that was cloned into a plasmid (pAJR70) used in a previous 247 study for the assessment of transcription of ETT1 operons by enhanced green fluorescent 248 protein (GFP) monitoring from liquid culture (35). The plasmid was transfected into the 249 different bacterial strains using standard methods. Chloramphenicol (25µg/ml) was added 250 to media when required for the selection of strains containing the eilA reporter. Induction 251 of GFP in the different media at 37°C was measured using a fluorescence plate-reader 252 
